A strictly anaerobic bacterium, strain DLD10
T , was isolated from a biofilm that developed on a nanofiltration membrane treating anoxic groundwater using glycerol as substrate. Cells were straight to slightly curved rods 0.2-0.5 mm in diameter and 1-3 mm in length, non-motile and non-spore-forming. The optimum temperature and pH for growth were 30 8C and pH 7.0. Strain DLD10 T was able to grow in the presence of 0.03-4.5 % (w/v) NaCl. Substrates utilized by strain DLD10 T included glycerol and various carbohydrates (glucose, sucrose, fructose, mannose, arabinose, pectin, starch, xylan), which were mainly converted to ethanol, acetate, H 2 and formate. Thiosulphate, sulphur and Fe(III) were used as electron acceptors, but sulphate, fumarate and nitrate were not. The predominant membrane fatty acids were C 16 : 0 , iso-C 17 : 1 and C 17 : 1 v8c. The DNA G+C content was 36.4 mol%. Strain DLD10 T belongs to the family Lachnospiraceae and is distantly related to Clostridium populeti DSM 5832 T , Hespellia porcina In the Netherlands, groundwater is the most important source of drinking water. Currently, approximately 60 % of the water supply produced by Dutch drinking water companies comes from the deep subsurface. At several locations anoxic groundwater is treated by membrane filtration. Previous research by our group showed that the biofilm developed in the membranes of those installations is distinct from those in membranes from oxic water treatment installations (Beyer et al., 2014) . So far, little is known about the ecology and physiology of the microbial communities in deep groundwater layers, but most of the microorganisms in these ecosystems are novel, as yet uncultured species. To obtain better knowledge of the bacterial community in this anoxic groundwater habitat, biofilm samples retrieved from membranes used in anoxic groundwater nanofiltration (Vitens) were investigated. After being in use for 8.8 years, a lead membrane element from the first stage of a membrane filtration plant was removed, opened and the biofilm that had developed on top of the nanofiltration membrane was scraped off and used for community structure analysis and isolation. Feed water quality, operational history and fouling analysis of this membrane filtration plant are extensively described by Beyer et al. (2014) . Studies on the microbial composition of the biofilm samples revealed a high bacterial diversity.
A clostridial nutrient medium (CNM) supplemented with 0.5 % glycerol was selected for enrichment and isolation of bacteria, as molecular cloning and sequencing showed a high predominance of Clostridium species in the biofilm. Approximately 1 ml of biofilm sample was used to inoculate 50 ml of anaerobic medium. Cultures were incubated statically at 30 8C in the dark and under anaerobic conditions (100 % N 2 ). When growth was detected, the same anaerobic medium was used to make plates supplemented with 1.5 % (w/v) agar (Noble agar; Difco). Cells from the enriched culture were diluted and streaked on the CNM plates and incubated under anaerobic conditions (100 % CO 2 ) in an anaerobic jar at 30 8C. Single colonies were picked and restreaked until a pure culture was obtained.
To check the purity of the culture, less rich, liquid bicarbonate-buffered mineral medium was prepared as described by Stams et al. (1993) and supplemented with 0.1 g yeast extract l 21 and glucose (10 mM) or glycerol (10 mM). Cultures were incubated statically at 30 8C for 4 days and when growth occurred serial dilutions were made. The purity of the isolate was further confirmed by microscopic observation, denaturing gradient gel electrophoresis (DGGE) analysis, 16S rRNA gene cloning and sequencing, and direct sequencing of the 16S rRNA gene.
Colonies from the isolate were circular, smooth and translucent when grown on CNM medium. After 3 days of incubation, colonies were approximately 2 mm in diameter. Cell morphology was examined with a phase-contrast Leica DM 2000 microscope and a scanning electron microscope (JSM-6480LV; JEOL). For electron microscopy, bacterial cells were fixed with 3 % (v/v) glutaraldehyde (Sigma Aldrich) in 16 PBS buffer for 24 h at 4 8C. Samples were then dehydrated in increasing concentrations of ethanol and air-dried. Cells appeared as slightly curved rods 0.2-0.5 mm in diameter and 1-3 mm in length with a tendency to occur in pairs or short chains (Fig. S1 , available in the online Supplementary Material). Cells were non-motile and no spores were detected either by microscopy after heat shock (15 min at 80 8C followed by 2 weeks of incubation at 30 8C) or by staining with malachite green according to the manufacturer's instructions (Sigma Aldrich). Cells stained Gram-negative, but resistance to streptomycin and susceptibility to vancomycin indicated that the cells are Gram-positive. A Gram-positive cell structure was further confirmed by the KOH lysis test (Smibert & Krieg, 1994) .
Total genomic DNA from cultures of strain DLD10
T was extracted using a FastDNA SPIN kit for soil (MP Biomedicals), according to the manufacturer's protocol. For DGGE analysis, the 16S rRNA gene was amplified using the PCR primers GC968F/L1401R (Lane, 1991; Muyzer et al., 1993) . The thermocycling programme used for PCR-DGGE amplification was as follows: initial denaturation at 95 8C for 5 min, and 35 cycles of denaturation at 95 8C for 30 s, primer annealing at 56 8C for 40 s and elongation at 72 8C for 1 min. The final elongation was at 72 8C and lasted 10 min. DGGE was performed in 8 % polyacrylamide gel (ratio of acrylamide to bisacrylamide, 37.5 : 1) using a DCode System (Bio-Rad), as described previously (Heilig et al., 2002) . A 30-60 % gradient of denaturant was used for the gel. The DGGE gel ran at 60 8C in 0.56 TAE buffer at 200 V for 10 min and then at 85 V for 16 h. Gel staining was done with silver nitrite (Sanguinetti et al., 1994) . A DGGE profile of this strain consisted of a single band, indicating that only one 16S rRNA gene was present in the sample and confirming the purity of the culture.
For cloning purposes, the 16S rRNA gene was amplified from genomic DNA by PCR, using primer set 27F/1492R (Nübel et al., 1996) and the following programme: initial denaturation at 94 8C for 10 min, and 30 cycles of denaturation at 94 8C for 30 s, primer annealing at 52 8C for 40 s and elongation at 72 8C for 1 min 30 s. The final elongation was at 72 8C and lasted 7 min. The PCR products were purified and cloned in Escherichia coli XL-blue competent cells (Agilent) by using pGEM-T vector (Promega). In total, 48 positive clones were selected by blue/ white screening in plates containing 100 mg ampicillin ml
21
. Plasmids from these clones were further purified using the DNA Clean and Concentrator kit (ZYMO Research) and subjected to sequence analysis. Sequencing reactions were performed at GATC Biotech using pGEM-T vector-targeted sequencing primers, SP6 and T7 (Promega). Partial sequences were assembled with ChromasPro software version 1.5 (Technelysium; http://www. technelysium.com.au) and nearly complete 16S rRNA gene sequences of approximately 1500 bp were obtained. 16S rRNA gene sequences from all the analysed clones were compared using the NCBI BLAST search tool within the GenBank database (Altschul et al., 1990) . Similarity between the 16S rRNA gene sequences of these clones was higher than 99 %.
The 16S rRNA gene sequence obtained from direct sequencing (1207 bp) of strain DLD10 T (colony PCR) was used for phylogenetic tree reconstruction using the ARB software package (Ludwig et al., 2004) . The sequence was aligned with the FASTAligner v1.03 tool and added to the tree from the Living Tree Project (Yarza et al., 2008) , using the parsimony tool implemented in ARB. Phylogenetic reconstruction was performed using the three algorithms as implemented in the ARB package. The neighbour-joining method (Saitou & Nei, 1987) was used for tree reconstruction and bootstrap analysis. Comparative 16S rRNA gene sequence analysis showed that strain DLD10
T was a member of the phylum Firmicutes in the family Lachnospiraceae and that the closest cultured relatives of strain DLD10 T were Clostridium populeti DSM 5832 T (93.3 % similarity) (Sleat & Mah, 1985) , Hespellia porcina DSM 15481 T (93.6 %) (Whitehead et al., 2004) and Robinsoniella peoriensis CCUG 48729 T (93.8 %) (Cotta et al., 2009 ). Strain DLD10
T was distantly related to each of the cultured relatives (Fig. 1) . This indicates that strain DLD10
T represents a novel species of a new genus.
Growth tests with strain DLD10
T were performed in bicarbonate-buffered basal medium supplemented with 0.1 g yeast extract l 21 and 10 mM glycerol. Tests at different pH (from 4.5 to 9 at intervals of 0.5 pH units) were performed using different buffers: 20 mM citrate (pH range 4.5-6), PIPES (pH range 6-7) or Tris (pH range 7-9). Substrates (sugars, glycerol) and fermentation products (alcohols, organic acids) were measured by HPLC, the concentration of anions was measured using a DIONEX HPLC device, and detection of gaseous compounds (CO 2 and H 2 ) was performed using a GC-2014 gas chromatograph as described previously (van Gelder et al., 2012) . Sulphide was measured spectrophotometrically using the methylene blue method (Cline, 1969) . Substrate and electron acceptor utilization were tested at optimal conditions: pH 7 and 30 8C. Growth of strain DLD10 T was monitored by measuring the optical density at 600 nm with a spectrophotometer (Hitachi U-1500). Strain DLD10
T was able to grow at pH 5.0-8.0, with optimum growth at pH 7.0. Strain DLD10
T grew between 12 and 37 8C, with optimum growth at 30 8C. Growth was not observed at 10 or 40 8C. The salinity range for growth of strain DLD10
T was 0.03-4.5 % (w/v) NaCl. No growth occurred in the presence of 5 % (w/v) NaCl. FeCl 2 , L-cysteine, titanium citrate and Na 2 S were tested as reducing agents. Strain DLD10
T was able to grow in the presence of each reducing agent, except FeCl 2 . No growth was observed when the gas phase contained 0.5-21 % oxygen. Thus, strain DLD10
T is an obligate anaerobe.
Strain DLD10 T utilized the following substrates, at 10 mM (soluble compounds) and 0.5 % (w/v) (insoluble compounds): glucose, sucrose, fructose, galactose, maltose, mannose, raffinose, rhamnose, arabinose, lactose, cellobiose, starch, xylan, xylose, pectin, glycerol and sorbitol. All tested sugars were D-isomers except for L-rhamnose and L-arabinose. The main metabolic end products were ethanol, hydrogen, formate and acetate. No growth was observed with methanol, acetate, DL-lactate, trehalose, cellulose, inulin or amygdalin. Strain DLD10 T did not require yeast extract for growth, although low amounts of yeast extract (0.1 g l 21 ) stimulated growth. The generation time of strain DLD10 T at 30 8C and pH 7 with 10 mM glycerol and 0.1 g yeast extract l 21 was 30 h.
Strain DLD10
T was able to use 20 mM thiosulphate, 20 mM sulphur and 5 mM Fe(III) as an electron acceptor, but not sulphate, nitrate or fumarate (all tested at 20 mM).
API Rapid ID 32AN and API ZYM tests were performed with strain DLD10
T , according to the manufacturer's instructions (bioMérieux). The API Rapid ID 32AN system gave positive reactions for a-galactosidase, b-galactosidase and b-glucosidase. No activity was detected for urease, b-galactosidase 6-phosphate, a-glucosidase, a-arabinosidase, b-glucuronidase, N-acetyl-b-glucosaminidase, glutamic acid decarboxylase or a-fucosidase. With the API ZYM kit, positive reactions were obtained for alkaline phosphatase, esterase (C4), esterase lipase (C8), acid T relative to other micro-organisms of the family Lachnospiraceae. The phylogenetic tree was calculated using the ARB software package (Saitou & Nei, 1987) and applying the neighbour-joining method. The significance of each branch is indicated at the nodes by bootstrap values based on 1000 replications; only values above 70 % are given. GenBank accession numbers of 16S rRNA gene sequences are indicated in parentheses. Bar, 1 % sequence divergence. In Ludwig et al. (2009) , 32 Clostridium species that fall within clusters XIVa and XIVb of Collins et al. (1994) have been transferred to the family Lachnospiraceae. Later, Yutin & Galperin (2013) proposed to assign all Clostridium species from clostridial cluster XIVa to the new genus 'Lachnoclostridium'. However, to date, the genus 'Lachnoclostridium' has not been officially validated. phosphatase, naphthol-AS-BI-phosphohydrolase, b-galactosidase, a-glucosidase and b-glucosidase. All the other reactions with the API ZYM kit were negative. Indole production, urease activity and gelatin hydrolysis were negative.
The G+C content of the genomic DNA was determined by HPLC (Tamaoka & Komagata, 1984) at the identification service of the DSMZ. The G+C content of the DNA of strain DLD10 T was 36.4 % mol. The cellular fatty acid composition was analysed by GC (MIDI system; Sherlock) as described by Kämpfer & Kroppenstedt (1996) using cells grown in bicarbonate-buffered media supplemented with 20 mM glucose. The biomass was harvested in the late exponential growth phase. Cellular fatty acids, respiratory lipoquinones and polar lipids were analysed at the DSMZ. The most abundant fatty acids of strain DLD10 T were C 16 : 0 (42.8 %), iso-C 17 : 1 (14.9 %) and C 17 : 1 v8c (Sleat & Mah, 1985) .+, Positive; 2, negative; NT, not tested. (10.3 %) ( Table 1) . No respiratory quinones were detected. The polar lipid profile revealed the presence of glycolipids, phospholipids, phosphoaminolipids, phosphoglycolipids, phosphoaminoglycolipids, phosphatidylglycerol and diphosphatidylglycerol (Fig. S2) .
A comparison between the physiological characteristics of strain DLD10 T and its closest cultured relatives (based on 16S rRNA gene sequence comparison) is shown in Table 2 . The main fermentation products of strain DLD10
T were ethanol, hydrogen, acetate and formate. Lactate, which was formed by all the other strains, was not formed by strain DLD10
T . Neither C. populeti nor H. porcina are able to utilize glycerol, lactose or starch. Amygdalin and trehalose are used by R. peoriensis but not by strain DLD10 T . A further difference is positive spore formation by R. peoriensis and C. populeti, whereas strain DLD10 T and H. porcina are non-spore-forming. The G+C content of the DNA of strain DLD10 T (36.4 mol%) is higher than that of C. populeti (28 mol%) but lower than those of R. peoriensis (48.7 mol%) and H. porcina (43.8 mol%). Also, the composition of cellular fatty acids of strain DLD10 T shows differences from the other strains. The major fatty acid of strain DLD10 T was C 16 : 0 (42.8 %), which is also predominant in R. peoriensis (23.6 %). However, strain DLD10
T contains fatty acids that were not detected in R. peoriensis or H. porcina, such as C 17 : 1 v8c, iso I-C 17 : 1 and C 20 : 1 v7c.
All the closest cultured relatives of strain DLD10
T originated from the gut, which is the case for all described members of the family Lachnospiraceae, while strain DLD10 T was isolated from biofilm developed after anoxic groundwater filtration. Similar 16S rRNA gene sequences to that of DLD10 T were found in the original biofilm sample used for enrichment (data not shown).
Based on phylogenetic, phenotypic and genotypic characteristics in comparison with related species, strain DLD10 T is proposed to represent a novel species of a new genus within the family Lachnospiraceae, for which the name Lachnotalea glycerini gen. nov., sp. nov. is proposed.
Description of Lachnotalea gen. nov.
Lachnotalea (Lach.no.ta9le.a. Gr. n. lachnos wool; L. fem. n. talea rod; N.L. fem. n. Lachnotalea rod-shaped organism within the family Lachnospiraceae).
Rod-shaped, non-motile, obligatory anaerobic bacterium that stains Gram-negative, but has a Gram-positive cell wall. Spores are not formed. Catalase-and oxidase-negative. It can ferment simple sugars and polysaccharides. No photosynthetic growth is observed. Indole production and urease activity are negative. No respiratory lipoquinones are detected. The polar lipid profile consists of glycolipids, phospholipids, phosphoaminolipids, phosphoglycolipids, phosphoaminoglycolipids, phosphatidylglycerol and diphosphatidylglycerol. The type species is Lachnotalea glycerini.
Description of Lachnotalea glycerini sp. nov.
Lachnotalea glycerini (gly.ce.ri9ni. N.L. n. glycerinum glycerine, glycerol; N.L. gen. n. glycerini of glycerol, referring to utilization of glycerol).
Exhibits the following characteristics in addition to those given for the genus. Cells are approximately 0.2-0.5 mm wide and 1-3 mm long and slightly curved. Cells occur in pairs or short chains. The temperature range for growth is 12-37 uC, with optimum at 30 uC. pH range for growth is 5.0-8.0, with optimum at pH 7.0. Growth occurs at NaCl concentrations of 0.03-4.5% (w/v). Glucose, sucrose, fructose, galactose, maltose, mannose, raffinose, rhamnose, arabinose, lactose, cellobiose, starch, xylan, xylose, pectin, glycerol and sorbitol are used as carbon and energy source. Methanol, acetate, lactate, trehalose, cellulose, inulin, amygdalin are not utilized. The main metabolic end products are ethanol, hydrogen, formate and acetate. Nitrate, sulphate and fumarate are not reduced, but Fe(III), thiosulphate and sulphur are. Yeast extract is not needed for growth. Indole is not produced. Gelatin is not hydrolysed and urease activity is negative. In tests with the API Rapid ID 32AN and API ZYM kits, positive reactions are obtained for a-galactosidase, b-galactosidase, b-glucosidase, alkaline phosphatase, esterase (C4), esterase lipase (C8), acid phosphatase, naphthol-AS-BI-phosphohydrolase, b-galactosidase, a-glucosidase and b-glucosidase. All the other reactions are negative. The most abundant fatty acids are C 16:0 , iso-C 17:1 and C 17:1 v8c.
The type strain, DLD10
T (5DSM 28816 T 5JCM 30818 T ), was isolated from biofilm developed after anoxic groundwater filtration (Diepenveen, the Netherlands). The DNA G+C content of the type strain is 36.4 mol%.
